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, $\mathcal{X},$ $\mathcal{Y}$ , $x$ $y$
$W(y|x),$ $(x\in \mathcal{X}, y\in \mathcal{Y})$
, $\mathcal{M}$ $m\in \mathcal{M}$ ,
$n$ $\mathcal{X}$ $x=x_{1}x_{2}\cdots x_{n}$
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$f:\mathcal{M}arrow \mathcal{X}^{n}$ , $f(m)=x_{1}x_{2}\cdots x_{n}$ $m$ o
, $x\in \mathcal{X}^{n}$ $y=y_{1}y_{2}\cdots y_{n}\in \mathcal{Y}^{n}$
$W(y|x)= \prod_{j=1}^{n}W(y_{j}|x_{j})$
, $\mathcal{M}$ , \sim $n$ $\mathcal{Y}$
$\hat{\mathcal{M}}$
$\varphi$ : $\mathcal{Y}^{n}arrow$ , $\varphi^{-1}(m)$
$m$ $(f,\varphi)$ $n$
$m$ $e(m)=1-W(\varphi^{-1}(m)|f(m))$
$e(f, \varphi)=\max_{m\in \mathcal{M}}e(m)$ $(f, \varphi)$ ,
, 1
$\log|\mathcal{M}|$ , 1 $r(f, \varphi)=\frac{1}{n}\log|\mathcal{M}|$
$(f, \varphi)$
$R$ $\epsilon$- “ $\delta>0$
$n$ , $e(f, \varphi)\leq\epsilon$ $r(f, \varphi)>R-\delta$ $n$
$(f,\varphi)$ ” , $\epsilon$- $\mathcal{R}_{\epsilon}(W)$
$C(W)^{d}=^{ef} \sup\bigcap_{\epsilon>0}\mathcal{R}_{\epsilon}(W)$ , $C_{0}(W)^{d}=^{ef} \sup \mathcal{R}_{0}(W)$
Shannon (1948) $C(W)$ $Q$ $\mathcal{X}$
$C(W)= \sum_{x\in \mathcal{X}}\sum_{y\in \mathcal{Y}}Q(x)W(y|x)\log\frac{W(y|x)}{\sum_{x\in \mathcal{X}}Q(x)W(y|x’)}$ $(= \max_{Q}I(W;Q))$
, $C_{0}(W)$
$n$ $(f, \varphi)$ $e(f, \varphi)=0$ ,
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$m,$ $m’\in \mathcal{M}(m\neq m’)$ $\forall y\in \mathcal{Y}^{n}W(y|f(m))W(y|f(m’))=0$ ,
$W$ $\mathcal{X}^{n}$ $G_{W^{n}}$
$(x, x’)\in G_{W}^{n}$ $\Leftrightarrow$ $\exists y\in \mathcal{Y}W(y|x)W(y|x’)>0$
, $f(\mathcal{M})$ $G$
, $\mathcal{X}$ $G_{W}(=G_{W^{1}})$ “ ” $n$
$(G_{W^{n}}=(G_{W})^{n})$ $G$ $H$ $GH$
$(u_{1}v_{1}, u_{2}v_{2})\in GH\Leftrightarrow$ $((u_{1}, u_{2})\in G\vee u_{1}=u_{2})\wedge((v_{1},v_{2})\in H\vee v_{1}=v_{2})\wedge(u_{1}v_{1}\neq u_{2}v_{2})$
$G_{W}$ $W(y|x)$ ,
, $C_{0}(W)$
(Shannon, 1956) $G$ $\alpha(G)$
$C_{0}(W)=\log\Theta(G_{W})$ , $\Theta(G)^{d}=^{ef}\sup_{n>0}\sqrt[n]{\alpha(G^{n})}=\lim_{narrow\infty}\sqrt[n]{\alpha(G^{n})}$ .
$G$ $\Theta(G)$ $\Theta(G)$ $G$
‘ Shannon ” , $G$ $\theta(G)$
$\alpha(G)\leq\sqrt[\hslash]{\alpha(G^{n})}\leq\Theta(G)\leq\sqrt[\hslash]{\theta(G^{n})}\leq\theta(G)$
$C_{n}$ $n$ , $\Theta(C_{2n})=n$ , $\Theta(C_{5})=\sqrt{5}$
(Lov\’asz, 1979) , $\Theta(C_{7})$ , $\alpha(G)=\theta(G)$ , $\Theta(G)=\alpha(G)$
, 2 $\Theta(K_{n})=1,$ $\Theta(K_{m,n})=\max\{m, n\}$
, $G$ $G_{A}$ $\alpha(G_{A})=\theta(G_{A})$
$\alpha$- , ( , Berge and
Chvatal, $1984)_{0}$
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. $\mathcal{X}=$ $=\{0,1,2,3,4\},$ $W(y|x>0\Leftrightarrow(y=x)V(y=x+1mod 5)$ ,
$C_{5},$ $C(W)=\log\Theta(C_{5})=1\log 5$ $\ovalbox{\tt\small REJECT}$
2
?
2 X, $Y$ $\mathcal{X},$ $\mathcal{Y}$
, ( $x,$ $y\in \mathcal{X}\cross \mathcal{Y}$ $p$ $,$ $y,$ $\in \mathcal{X},$ $y\in \mathcal{Y}$ )
X $n$ $\mathcal{X}$ $x$ $f$
$f$ : $arrow \mathcal{M}_{f}$ , $\mathcal{M}_{f}$
$Y$ , $P$ ( $x$ , ) $= \prod_{j=1}^{n}P(x_{j}, y_{j})$ $(x, y)$
, $\mathcal{M}$ $\cross \mathcal{Y}^{n}arrow$ $n$ ( $f$,
$e\ovalbox{\tt\small REJECT})=Pr\{\varphi(f(X^{n}), Y^{n})\neq X^{n}\}$ , X $r\ovalbox{\tt\small REJECT}$ ) $=\ovalbox{\tt\small REJECT}_{1}n$ $g\ovalbox{\tt\small REJECT}$
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$R$ $\epsilon$- ‘ $\delta>0$ $n$
, $e(f, \varphi)\leq\epsilon$ $r(f, \varphi)<R+\delta$ $n$ $(f, \varphi)$ ”
, $\epsilon$- $\mathcal{R}_{\epsilon}(X)$ $R(X)^{d}=^{ef} \inf\bigcap_{\epsilon>0}\mathcal{R}_{\epsilon}(X)$
$Y$ $X$ , (X) $def=$ $inf\mathcal{R}_{0}(X)$
Slepian Wolf (1973)
$R(X)=- \sum_{x\in \mathcal{X}}\sum_{y\in \mathcal{Y}}P(x, y)\log\frac{P(x,y)}{\sum_{x\in \mathcal{X}}P(x,y)}$
$(=H(X|Y))$
, $R_{0}(X)$
$n$ $(f, \varphi)$ $e(f, \varphi)=0$ $-$ ,
$X,$ $X’\in \mathcal{X}^{n}(x\neq x’)$ $\exists y\in \mathcal{Y}^{n}P(x, y)P(x’, y)>0\Rightarrow f(x)\neq f(x’)$
, $P$ $\mathcal{X}^{n}$ $G_{X^{n}}$
$(x, x’)\in G_{X^{n}}$ $\Leftrightarrow$ $\exists y\in \mathcal{Y}P(x, y)P(x’,y)>0$
, $f$ $G_{X^{n}}$ $G_{X^{n}}$ ,
$G_{X}(=G_{W}^{1})$ $n$ $(G_{X^{n}}=(G_{X})^{n})$ $G_{X}$
$P(x, y)>0$ $\mathcal{P}=\{(x, y) ; P(x, y)>0\}$
, $R_{0}(X)$






, $\Gamma(C_{2n})=2$ , $\Gamma(C_{5})=\sqrt{5}$, $\Gamma(C_{7})$
, $\gamma(G)=\omega(G)$ $\Gamma(G)=\gamma(G)$ , $\Gamma(K_{n})=n,$ $\Gamma(K_{m,n})=2$
, $G$ $G_{A}$ $\gamma(G_{A})=\omega(G_{A})$
\gamma , $\alpha$-
(Lov\’as, 1972)
. $\mathcal{X}=\mathcal{Y}=\{0,1,2,3,4\},$ $P(x, y)>0\Leftrightarrow(y=x)\vee(y=x+1mod 5)$ ,






$g:\mathcal{Y}^{n}arrow \mathcal{M}_{g}$ , $\varphi$ : $\mathcal{M}_{j}\cross \mathcal{M}_{g}arrow \mathcal{X}^{n}\cross \mathcal{Y}^{n}$
$n$ $(f,g;\varphi)$ $e(f,g;\varphi)=Pr\{\varphi(f(X^{n}),g(Y^{n}))\neq(X^{n}, Y^{n})\}$ ,
2- (X, Y) $r(f,g; \varphi)=(\frac{1}{n}\log|\mathcal{M}_{f}|,$ $\frac{1}{n}\log|\mathcal{M}_{g}|)$
$(R_{X}, R_{Y})$ \epsilon - ‘‘ $\delta>0$
$n$ , $e(f,g;\varphi)\leq\epsilon$ $r(f,g;\varphi)<(R_{X}+\delta, R_{Y}+\delta)$
$n$ $(f,g;\varphi)$ ” , $\epsilon$-
$\mathcal{R}_{\epsilon}(X, Y)$
$\mathcal{R}(X, Y)^{d}=^{ef}\bigcap_{\epsilon>0}\mathcal{R}_{e}(X, Y)$ ,
$\mathcal{R}_{0}(X, Y)$
Slepian. Wolf (1973)
$\mathcal{R}(X,Y)=\{(R_{X}, R_{Y});R_{X}\geq H(X|Y), R_{Y}\geq H(Y|X), R_{X}+R_{Y}\geq H(XY)\}$
$(H(X Y)^{d}=^{ef}-\sum_{x,y}P(x, y)\log P(x, y))$ ,
(X, Y)
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$n$ $(f,g;\varphi)$ $e(f,g;\varphi)=0$ ,
$x,x’\in \mathcal{X}^{n},$ $y,y’\in \mathcal{Y}^{n}$
$(P(x, y)P(x’, y’)>0)\wedge((x, y)\neq(x’, y’))$ $\Rightarrow$ $(f(x),g(y))\neq(f(x’),g(y’))$
, $\mathcal{R}_{0}(X, Y)$ $\mathcal{P}$ ,
1 $(R_{X},\log|\mathcal{Y}|)\in \mathcal{R}_{0}(X, Y)$ $\Leftrightarrow$ $R_{X}\geq\log\Gamma(G_{X})$ ,
$(\log|\mathcal{X}|,R_{Y})\in \mathcal{R}_{0}(X, Y)$ $\Leftrightarrow$ $R_{Y}\geq\log\Gamma(G_{Y})$ .
1 $\mathcal{R}_{S}^{d}=^{ef}\{(R_{X}, R_{Y}) ; R_{X}\geq\log\Gamma(G_{X}), R_{Y}\geq\log\Gamma(G_{Y}), Rx+R_{Y}\geq\log|\mathcal{P}|\}$ ,
$\mathcal{R}_{W}^{d}=^{ef}\{(R_{X}, R_{Y})$ ; $R_{X}\geq\log\Gamma(G_{X}),$ $R_{Y}\geq\log\Gamma(G_{Y})$ ,
$\frac{R_{X}-\log\Gamma(G_{X})}{\log|\mathcal{X}|-\log\Gamma(G_{X})}+\frac{R_{Y}-\log\Gamma(G_{Y})}{\log|\mathcal{Y}|-\log\Gamma(G_{Y})}\geq 1\}$
( , 3 $0$ )
, $\mathcal{R}_{W}\subset \mathcal{R}_{0}(X,Y)\subset \mathcal{R}_{S}$
2 $(\log\Gamma(G_{X}), \log\Gamma(G_{Y}))\in \mathcal{R}_{0}(X, Y)$
$\mathcal{R}_{0}(X,Y)=\{(R_{X},R_{Y});R_{X}\geq\log\Gamma(G_{X}), R_{Y}\geq\log\Gamma(G_{Y})\}$ .
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2 $G_{X}$ $\Gamma(G_{X})=|\mathcal{X}|$ ,
$\mathcal{R}_{0}(X,Y)=\{(R_{X}, R_{Y});R_{X}\geq\log|\mathcal{X}|, R_{Y}\geq\log\Gamma(G_{Y})\}$ .
$G_{X},$ $G_{Y}$
$\mathcal{R}_{0}(X,Y)=\{(R_{X},R_{Y});R_{X}\geq\log|\mathcal{X}|, R_{Y}\geq\log|\mathcal{Y}|\}$ .
$\mathcal{X},$ $\mathcal{Y}$ $\tau$ $( \mathcal{X}=\bigcup_{t=1}^{\tau}\mathcal{X}_{t}, \mathcal{Y}=\bigcup_{t=1}^{\tau}\mathcal{Y}_{t}),$
$\mathcal{P}$
$\tau$ $( \mathcal{P}=\bigcup_{t=1}^{\tau}(\mathcal{X}_{t}\cross \mathcal{Y}_{t}))$ , 2 (X, Y)
( , ,
)
3 2- (X, Y) ,
$\mathcal{P}=\bigcup_{t=1}^{\tau}(\mathcal{X}_{t}\cross \mathcal{Y}_{t})$ , $M= \max_{1\leq t\leq\tau}|\mathcal{X}_{t}|$ , $N=_{1} \max_{\leq t\leq\tau}|$ $|$
$\mathcal{R}_{0}(X,Y)=\{(R_{X}, R_{Y});R_{X}\geq\log M, R_{Y}\geq\log N, R_{X}+R_{Y}\geq\log|\mathcal{P}|\}$ .
, $|S|\leq MN$ :
$\mathcal{R}_{0}(X, Y)=\{(R_{X}, R_{Y}) ; R_{X}\geq\log M, R_{Y}\geq\log N\}$ .
1. $\mathcal{X}=\mathcal{Y}=\{1,2,3,4,5\}$ $\mathcal{X}_{1}=\{1,2,3\},$ $\mathcal{X}_{2}=\{4,5\};\mathcal{Y}_{1}=$
{1, 2}, $\mathcal{Y}_{2}=\{3,4,5\}$ , $\mathcal{P}=(\mathcal{X}_{1}\cross \mathcal{Y}_{1})\cup(\mathcal{X}_{2}\cross \mathcal{Y}_{2})$ $M=|\mathcal{X}_{1}|=3,$ $N=$
$|\mathcal{Y}_{2}|=3,$ $S=|\mathcal{X}_{1}||\mathcal{Y}_{1}|+|\mathcal{X}_{2}||\mathcal{Y}_{2}|=12$ ,
$R_{0}(X,Y)=\{(R_{X}, R_{Y});R_{X}\geq\log 3, R_{Y}\geq\log 3, R_{X}+R_{Y}\geq\log 12\}$
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2. 2-
$\mathcal{R}_{W}=\{(R_{X}, R_{Y}) ; R_{X}\geq\frac{1}{2}\log 5, R_{Y}\geq\frac{1}{2}\log 5, R_{X}+R_{Y}\geq\frac{3}{2}\log 5\}$,
$\mathcal{R}_{S}=$ { $(R_{X},R_{Y});R_{X} \geq\frac{1}{2}$ log5, $R_{Y} \geq\frac{1}{2}$ log5, $R_{X}+R_{Y}\geq\log 10$}
$\mathcal{R}_{W}$ ( $\frac{1}{2}$ log13, $\frac{1}{2}$ log9)
$f$ : $\mathcal{X}^{2}arrow\{1, \cdots, 13\}$ $g:\mathcal{Y}^{2}arrow\{1, \cdots,9\}$
$n=2$ $r(f,g;\varphi)$
7
$( \frac{1}{2}\log 5, \frac{1}{2}\log 25),$ $( \frac{1}{2}\log 8, \frac{1}{2}\log 16),$ $( \frac{1}{2}\log 9, \frac{1}{2}\log 13),$ $( \frac{1}{2}1og12, \frac{1}{2}\log 12)$ ,
$( \frac{1}{2}\log 13, \frac{1}{2}\log 9),$ $( \frac{1}{2}\log 16, \frac{1}{2}\log 8),$ $( \frac{1}{2}\log 25, \frac{1}{2}\log 5)$ .
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$\mathcal{R}_{0}(X, Y)$
3. 2 , $\mathcal{P}$ ,
$\mathcal{R}_{0}(X, Y)$ 2
$|\mathcal{X}|\cross|\mathcal{Y}|\leq 9(|\mathcal{Y}|\geq|\mathcal{X}|\geq 2)$ , (X, Y) 1
$\mathcal{X}=\mathcal{Y}=\{1,2,3\};\mathcal{P}=\{(1,1), (2,2), (3,3), (1,2), (2,3)\}(13$
) , ,
$\mathcal{R}_{W}=\{(R_{X}, R_{Y});R_{X}\geq 1, R_{Y}\geq 1, R_{X}+R_{Y}\geq\log 6\}$
$\mathcal{R}_{S}=\{(R_{X}, R_{Y});R_{X}\geq 1, R_{Y}\geq 1, R_{X}+R_{Y}\geq\log 5\}$
, (X, $Y$ ) $\mathcal{R}_{W}$
4.
2- $X,$ $Y$ (X, Y) 3
$\mathcal{R}_{W}$ $\mathcal{R}_{S}$





“ ” ) 2
$P(x, y)$ ,
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2- $\mathcal{P}$ $(|\mathcal{X}|\cross|\mathcal{Y}|\leq 9, |\mathcal{Y}|\geq|\mathcal{X}|\geq 2)$
$*$ $P$ \triangle $P$ (X, Y)
78
2- (X, $Y$ )
$\bullet$ $\mathcal{R}_{W}$ 2 ( $O$ )
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